This paper has been written to draw attention to the association between intramuscular injections and flaccid paralysis of one limb. Seventeen affected children have been examined and followed up personally. The records of a further 60 to 70 cases have been available and have been used to provide information not clearly brought out in the shorter series. Cases in which injection preceded paralysis by more than 28 days have been excluded. The aetiology of the paralysis and the relationship it bears to the injection are discussed. The average age of this group was one year, the youngest child being seven months, and all the children were under three years. In a further 39 cases occurring between 1941 and 1949 in which the age incidence was known, the average age was 41 years and ranged from 9 months to 14 years. The higher age incidence was accounted for because children of school age represented the largest numbers of those inoculated in the early days of the immunization campaign. Taken as a whole the age groups reflect the average age at which immunization is carried out.
Clinical Features
Taking all known cases, girls were slightly more frequently affected than boys.
Incubation Period.-The average time between the injection and the onset of the paralysis was 16 days, the majority of cases occurring between 7 and 21 days, the shortest being 3 days and the longest 26 days.
Prodromal Symptoms. In this series there were without exception constitutional disturbances either preceding or at the time of onset of the paralysis. Nine patients had a history of fretfulness, lethargy, loss of appetite, or pyrexia within one to four days of becoming paralysed. In the remaining eight patients an ' upper respiratory infection,' pyrexia, or fretfulness occurred at some time following inoculation. Neck rigidity was found in four and pyrexia in five patients seen at the time of onset.
Pain and tenderness was not apparent either preceding or accompanying the paralysis. As all these children were under three years of age this does not of necessity entirely exclude its presence.
Paralysis. The onset was sudden, with a flaccid paralysis of the whole limb as a rule, but frequently sparing the fingers and toes.
The frequency with which an upper limb was affected, and in particular the left, would appear to reflect the commonest site for inoculation, namely the left deltoid muscle. The left arm was paralysed four times as frequently as the right, taking all known cases.
There was no affection of the cranial nerves and in only two cases (Cases 11 and 14) was any paralysis noted other than in the limb involved, and then it was only of a transient nature. Sensation, as gauged by pin prick, appeared to be normal.
The muscles involved in the arm were of constant distribution, namely, the supraspinatus, rhomboids, infraspinatus, teres minor, biceps, brachialis, deltoid, supinator longus, serratus magnus, pectoralis major, teres major, latissimus dorsi, triceps, and the extensors of the wrist and fingers. This distribution corresponds to the muscles supplied by the motor roots of the fifth, sixth, and seventh cervical segments of the spinal cord. The corresponding tendon reflexes were absent.
In the legs the muscles most constantly involved were the quadriceps and the anterior tibial group. Two cases at the onset showed complete flaccid paralysis of the leg except for some movement in the toes.
Course and Prognosis The sequence of events in those cases involving an arm which recovered was for the wrist extensors to begin to act within a few days. The rhomboids, serratus magnus, teres major, and usually the teres ARCHIVES OF DISEASE IN CHILDHOOD minor and the pectorals, recovered early. The biceps group and then the triceps group began to function next, about two to three months after the onset. The deltoid and spinati were the last muscles to recover, often taking a year or more. Considerable wasting of the affected muscles occurred. Of the 12 cases recorded in detail, two (Cases 2 and 11) have not been followed up for a sufficient length of time to give a prognosis. Of the remainder, Case 12 has made an almost complete recovery, there being a little residual weakness in the deltoid only. Four others (Cases 1, 5, 6, 10) have made good partial recoveries, and of these at least two will probably be complete. The other five cases include one (Case 9), in which there has been virtually no improvement after 18 months, and four (Cases 3, 4, 7, 8) Electrical Reactions. Electrical testing of the affected muscles showed the reaction of degeneration.
As in other lesions of the lower motor neurone type these reactions are probably of more value in prognosis than diagnosis.
Treatment
Treatment similar to that employed in poliomyelitis was used. Paralysed muscles were splinted, and cases involving an arm were put up in an s aeroplane ' abduction splint. The most important part of physical treatment was to remove all splinting at least twice a day and put the joints through a full range of movement. As soon as any voluntary power returned graduated active movements were given. At this stage the child was encouraged to use the limb as much as possible during certain periods of the day. Galvanism was used in some cases in which the reaction of degeneration was obtained in order to maintain muscle bulk (Gutmann and Guttmann, 1944) . Where possible, patients attended a physiotherapy department three or more times weekly.
Details of Injectios Used
There appears to be no relationship between the substance inoculated and the paralysis. Materials used included A.P.T., pertussis vaccine alone or combined, and T.A.F. Other writers (Walshe, 1945; Parsonage and Turner, 1948) report the occurrence of paralysis after T.A.B., tetanus toxoid, and antityphus vaccine, but these cases were probably of a different aetiology. In this series there are two cases following penicillin given as treatment for boils and stomatitis respectively. The material injected was produced by at least six different manufacturers. In several cases a specimen from the same batch ofmaterial was obtained and returned to the manufacturers for detailed examination without any harmful agent being found. Cases occurred after the first, second, or third immunizing dose.
No local reactions occurred in this series. Apart from the constitutional symptoms mentioned, only one patient (Case 11) became pyrexial immediately after inoculation, and in this patient the paralysis developed within three days. In the remainder no immediate generalized reactions and nothing akin to serum sickness developed.
Epidemiology
It is a little difficult to draw any conclusions from such a small series as shown in Table 2 , particularly when it is realized that cases were chiefly sought in the years [1946] [1947] [1948] [1949] . Taking a larger series of 67 cases (Table 3) there is suggestive evidence that these cases occur chiefly when there is a high prevalence of poliomyelitis. occurred in another member of the family. Detailed enquiry from local health authorities regarding poliomyelitis in the corresponding districts was not made. There is, however, some suggestive evidence in the records of the larger series studied that groups of cases occurred in areas in which there was a high incidence of poliomyelitis at the time.
Discussion The diagnosis made in almost every case studied was that of poliomyelitis. In general no enquiry as to recent inoculations or injections was made until a later date. The question remains to be answered whether the relationship between an inoculation and subsequent paralysis is fortuitous, as these children were in a common age group for both immunization and poliomyelitis. The true incidence of such an association is difficult to obtain. A study of two sets of poliomyelitis records, taken at random, was made in different hospitals. In one series of 80 cases of poliomyelitis, three were found in which a paralysis of one limb occurred within a month of inoculation. In the other series of 56, seven such cases were discovered. No survey of large numbers of recently immunized children has been made to see if any became paralysed. A possible source of evidence has been obtained from the survey of poliomyelitis in England and Wales in 1947 organized by the Public Health Laboratory Service (McFarlan, 1949) , which disclosed that there were 495 cases in children under the age of ten years. In 14 of these a definite history was obtained of immunization against diphtheria or pertussis within one month of paralysis. Eleven of these cases occurred in 308 poliomyelitis cases aged under five years, i.e. in the common age group for inoculation. Brain (1943) discussing the neurological sequelae of inoculations refers to three cases of poliomyelitis following diphtheria toxoid occurring when the disease was already prevalent. He points out that the relationship of the infection to the inoculation is at present unsettled and that before deciding it exists it is necessary to ascertain statistically that the incidence is higher among immunized children than in the community at risk. In any case, when the number of inoculations given is considered these complications are obviously rare.
Various factors suggest themselves as being of possible aetiological significance.
Toxins or Virus Introduced with the Injection. The possibility of toxins or virus contaminants contained in the material injected was considered. Under the Therapeutic Substance Act Regulations products of this nature are not allowed to be issued if they contain any free toxins. ' Batch ' samples returned to the manufacturers were injected into ARCHIVES OF DISEASE IN CHILDHOOD animals and no specific reactions were observed. They were also found to be sterile on culture.
The possibility of contamination is remote even with a virus, and if it did occur the makers state that the virus would be inactivated during the manufacturing process. Furthermore, no two cases of paralysis occurred in which the same batch or even the same bottle of material was used. Introduction of a virus at the time of injection has to be considered. A More recently a number of writers have reported series of cases, particularly in the Near East, of 'brachial neuritis' (Parsonage and Turner, 1948; Spillane, 1943; Wyburn-Mason, 1941; Dixon and Dick, 1945; Turner, 1944) . One of the best descriptions is given by Parsonage and Turner under the title . neuralgic amyotrophy,' the shoulder girdle syndrome. Only a certain proportion of their cases were of the same distribution as the 12 mentioned in this series. Moreover, they differ in the accompaniment of severe pain, some sensory loss, and in particular the absence of constitutional symptoms and changes in the C.S.F. In many papers cases which were preceded by injections or trauma are excluded. Paul et al. (1944) tried to isolate poliomyelitis virus from the faeces of six cases of the syndrome and were unsuccessful, but obtained the virus from nine out of fifteen cases of poliomyelitis. Parsonage and Turner conclude that the complete clinical similarity between their cases and the serum cases make it reasonable to assume that they are of similar aetiology, although this remains unknown. Spillane (1943) , discussing trauma and injections as aetiological agents, excludes the former on history, and the latter on similar grounds and on the fact that the majority of his cases involved the right arm and injections are usually given in the left. In the vast majority of cases in this series paralysis affected the left arm into which inoculations are most commonly given.
There is comparatively little in the literature giving examples following immunization similar to those recorded in this paper. Walshe (1945) The muscles most commonly affected (Wilson 1940) are the deltoid and upper arm muscles. Wilson (1940) That poliomyelitis may affect only one limb is shown in an analysis made by Lovett (1916) . In 1,166 cases one leg was affected in 25 9 % of cases and one arm in 7 1 %. Taking two random samples of poliomyelitis from hospital records in this country, there were 56 cases, of which 7 followed within a month of inoculation in one instance, and 80 cases, which included 3 following inoculation in the other series. Omitting the post-inoculation cases, in 8 % one arm was involved and in 30 % one leg, which is in accord with most figures published for poliomyelitis epidemics. Such figures indicate the predominance of leg paralysis compared with the arm, and are in contrast to the cases following inoculation in which the arm is most commonly afflicted. If in the two series mentioned the postinoculation figures are included, the percentages work out at 7 % arm paralysis, 7 % arm paralysis after inoculation, and 28 % leg paralysis. The percentage of arm cases is seen to be practically doubled and the ratio of leg to arm falls from 4 to 1 to 2 to 1. Such a comparison may not be statistically significant, and of course inaccuracies arise, as inoculations are not by any means always recorded in the case histories of poliomyelitis. Nevertheless it does suggest that inoculation may determine the site ofparalysis. The analogy ofthe relationship between tonsillectomy and poliomyelitis immediately occurs. It is recognized that tonsillectomy does not increase the chances of infection, but if a person is to get the disease the chances of it being of the bulbar variety become extremely high (Horstmann, 1948) .
Further ideas along these lines are given by Russell (1949) in an article on paralytic poliomyelitis. In discussing the effect of trauma he quotes Levinson et al. (1945) as having reported a few cases in which local trauma appeared to determine the site of maximum paralysis. That peripheral trauma provides the virus with easy access to the neurones, or that it modifies the physiology of the spinal cord cells of the segments concerned in such a way as to make them more vulnerable to the virus, he suggests as possibilities. Two cases of paralysis following T.A.B. and penicillin injections respectively are reported. Commenting on these it is postulated that the trauma of injection might possibly increase the vulnerability of that part of the spinal cord which supplies the site of injection.
Prophylaxis
Despite the fact that the relationship between inoculation and subsequent paralysis has not been proved statistically, the association, though uncommon, would appear to be of sufficient importance to make one consider prophylactic measures. Further, if the public comes to associate inoculation with the possible risk of paralysis, the immunization campaign may thereby fall into some disrepute. In view of this possibility, taken in conjunction with the seasonal incidence, it might well prove wise to suspend inoculations during part of the year, or in areas where poliomyelitis is prevalent. It is admitted that any measure affecting the immunization campaign must be given most careful thought lest more harm than good ensue. Summary Seventeen cases are described in which paralysis of a single limb has occurred within 28 days of receiving an injection. Of these fifteen followed immunization and two penicillin.
The aetiology is discussed. The facts pointing to poliomyelitis are the constitutional symptoms, the changes in the cerebrospinal fluid, and the seasonal incidence.
The question of the trauma of an injection determining the site of maximum paralysis is discussed.
It is concluded that there is a case for considering the suspension of immunization during an outbreak of poliomyelitis. 
